The way in which 3-D information is produced in a line-scan based stereoscopic X-ray imaging system is examined. The concept of a depth plane is derived from the volume element (voxel) structure created in the image production process. Thus a stereoscopic X-ray image can be considered to be comprised of a series of parallel depth planes. The results presented here quantify the incremental distribution in range between these planes together with the implied lateral resolution present in each plane. This research is part of an ongoing programme [1] to quantify 3-D data in security X-ray screening applications.
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Introduction:
The binocular stereoscopic X-ray machine [2, 3] utilised in this research is illustrated in Fig. 1 . This utilises a single X-ray source and a two linear X-ray sensors to produce a stereoscopic pair image. Each perspective image is acquired simultaneously in approximately 5 seconds and is stored in a 512x512 digital format with an 8 bit grey level scale. The images produced by this technique are fundamentally different from those produced by a cone beam of X-rays and area type X-ray sensors.
It can be appreciated from the diagram of Fig. 2 that the irradiation of object space is equivalent to a set of left and right parallel X-ray beams incident upon the object under inspection. In other words, the sampling of object space is equivalent to a set of convergent X-ray beams. This depiction allows the theoretical voxel structure in object space to be illustrated. If the midpoint of each voxel is considered to lie on a plane the resultant stereoscopic image can be considered as a series of isodisparity planes or depth planes. The theoretical equations presented in this discussion are based on ideal point X-ray sources and X-ray sensors. However, the experimental results indicate close agreement with theoretical predictions.
Experimental Details: This experiment is designed to quantify the discrete change in range between successive depth planes. The position of a 'variable' point is incrementally increased in 5mm steps over a 100mm range in the axis perpendicular to the image sensor plane (z-axis) in object space. The disparity or parallax is represented as a relative pixel separation in the axis defined by the direction of translation (x-axis) and as such is dimensionless. The results are plotted in the graph of Fig. 3 . A least squares analysis of the data indicates that a change of one pixel in disparity corresponds to 20mm change in the object space z-axis. This value may be interpreted as the incremental change K Z in range between successive depth planes in object space. This result is also in agreement with that which is theoretically predicted by
The quantity X mm PIX = 2 6
. is the size of the pixel boundary in the x-axis in the equivalent shadowgraph image plane. This is a constant and not a function of range, because of the parallel field of view of the X-ray sensors in the x-axis, and can be expressed as
Where T m s S = 0 26 . / is the speed of translation of the object under inspection and f Hz S = 100 is the linear X-ray detector scan frequency. The angles between the normal to the image sensor plane and the left and right collimated X-ray beams are σ L = ⋅°5 1 and σ R = ⋅°2 1 respectively. Thus the theoretical value for K Z is 20.6mm.
It is theoretically predicted that for each successive depth plane there will be a corresponding incremental change in the magnification from object space to the image sensor plane along the main axis of the linear detectors (i.e. y-axis). This can be expressed, assuming a perfect point X-ray Fig. 4 that the resolution of the system tends to infinity as the distance from the point X-ray source to the object tends to zero. In other words each sensor element in the y-axis in the linear X-ray detector array is resolving an infinitely small region of object space at the point source, of course this cannot be the case in a real system where the X-ray point source has finite size. However, the ability of the system to resolve distance in the y-axis does increase by virtue of this effect although it will be offset by increasing geometric unsharpness.
Conclusions:
It is felt that the concept of equating the voxel structure of a stereoscopic volume in object space to a series of depth planes, each with its own magnification and thus implied quantization in the x and y axes is a powerful analogy for digitally produced stereoscopic X-ray images. Each depth plane is separated by a discrete step in range, which itself is independent of range and is determined by the stereoscopic X-ray system parameters and is quantified by equation
(1). The implied x-axis quantization in each plane is a constant for all depth planes and is quantified by equation (2) . The non dependency on range of quantization in the x and z axes is peculiar to using one-dimensional X-ray sensors and linear translation to produce stereoscopic images and is due to the parallel field of view in the translation axis (x-axis). The magnification and thus the implied y-axis quantization in each depth plane is a function of range and is expressed by equation (3).
Further, because the y-axis magnification is a constant for any given depth plane no y-axis disparity will exist for corresponding points in each perspective image. The case for the y-axis is similar to that which is expected in a planar X-ray sensor and a cone X-ray beam projection. Fig. 1 The binocular stereoscopic X-ray screening system. Fig. 2 Illustration of the concept of depth planes (dp1, dp2, dp3) in a stereoscopic region. The point X-ray source height above the conveyor belt plane Fig. 4 
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